Indirect spectrophotometric method is described for quantification of five of 1,4-dihydropyridine (1,4-DHP) drugs using Nbromosuccinimide (NBS) with the aid of indigo carmine (INC) dye. The method is based on addition of known excess of NBS to an acidified solution of 1,4-DHP drugs and determining the residual of NBS through its ability to bleach the colour of the used dye; the amount of NBS that reacted corresponded to the amount of drugs. Beer's law is obeyed in the concentration range 1.25-13.00 g/mL. Good correlation coefficients (0.998-0.999) were found between the absorbance values and the corresponding concentrations. Limits of detections ranged from 0.141 to 0.500 g/mL. The proposed method was successfully applied to the analysis of dosage forms; percent of recoveries ranged from 97.31 to 99.46% without interference from any common excipients. The statistical comparison by Student's t-test and variance ratio F-test showed no significant difference between the proposed and official or reported methods.
Introduction
1,4-DHP derivatives are vasodilators with a great selectivity for vascular smooth muscles; they are primarily used for treatment of some of cardiovascular diseases such as hypertension, angina, and cardiac arrhythmias. Recently, they were used for the treatment of other pathological states, such as seizures and cerebral ischemic disorders [1, 2] .
Many analytical methods were developed for determination of 1,4-DHP drugs, namely, nifedipine (NIF), nicardipine (NIC), nimodipine (NIM), felodipine (FEL), and amlodipine (AML) (Figure 1 ), in their pharmaceutical formulations and in biological fluids, such as titrimetric methods [3, 4] , spectrometric methods (spectrophotometry [5] [6] [7] [8] [9] [10] [11] [12] [13] or spectrofluorimetry [12, [14] [15] [16] [17] [18] [19] [20] ), electrochemical methods [21] [22] [23] , liquid chromatographic methods [24] [25] [26] [27] [28] , and gas chromatographic methods [29] [30] [31] [32] . 
Reagents and Solutions.
All chemicals, solvents, and reagents were of analytical grade, and their solutions were prepared and diluted in distilled water.
NBS Reagent.
NBS reagent (Aldrich Co Ltd., Gillingham-Dorst, Germany) was prepared fresh daily in distilled water as a concentration 0.02% w/v.
INC Dye.
INC dye (Winlab Co., UK) was prepared fresh daily in distilled water as a concentration 0.07% w/v.
Reference Standard of Pure Cited Drugs.
Reference standard of pure cited drugs (NIF, atenolol, NIC, NIM, FEL, AML besylate, and metoprolol) was generously supplied by their respective manufacturers in Egypt, without any conflicts of interests in our submitted paper.
Stock of 1,4-DHP standard solutions was prepared fresh daily by dissolving 50 mg of each of them in 2.0 mL of perchloric acid (70%, 11.6 M) using 100 mL calibrated flask; the contents of the flask were swirled then completed to the volume with diluted aqueous 1.0 M perchloric acid. The working standard solutions were prepared by further dilution with distilled water to obtain the final aliquots concentration.
Procedure for Calibration
Curves. An aliquot of 1.0 mL of the standard or sample solution was transferred into a 10 mL calibrated flask. 1.0 mL of NBS (0.02% w/v) was added and mixed well. The reaction was allowed to proceed for 25 min at room temperature. 1.0 mL of INC (0.07% w/v) was added.
The resulting solution was allowed to stand for further 10 min. The solution was diluted to the mark with distilled water, and the absorbance was measured at 607 nm against a blank experiment treated similarly.
General Pretreatment Procedures for Tablets and Capsules

Pretreatment Procedure for the Assay of Tablet and Capsule
Samples. An amount equivalent to 50 mg of active ingredient from 20 finally powdered tablets or 20 mixed capsules was dissolved in 10.0 mL chloroform in a beaker. The contents of the beaker were swirled, sonicated for about 5 min, then filtered to 100 mL calibrated flask through a Whatman no. 42 filter paper, and washed with small amount of chloroform. The filtrate was evaporated to dryness, and the residue was dissolved in 2.0 mL of perchloric acid and then completed to the marke by diluted 1.0 M perchloric acid to give 0.5 mg/mL of sample solution then the working solutions were treated as mentioned above.
Pretreatment Procedure for the Assay of Tablet and
Capsule Samples Containing Two Drugs. 20 tablets (Logimax tablets, containing FEL and metoprolol) or capsules (Tenolat SR capsules, containing NIF and atenolol) were finely powdered. An accurately quantity equivalent to 50 mg of the active ingredient was dissolved in about 10.0 mL of ethylether, or in 10.0 mL of chloroform for tablets and capsules in a beaker, respectively. The contents of the beaker were swirled, sonicated for 5 min, and then filtered. The filtrate was evaporated to dryness, and then the procedure was completed as mentioned before.
Results and Discussion
NBS is an oxidizing agent and perhaps the most important positive bromine containing organic compound, used for spectrophotometric determination of many pharmaceutical compounds [33] [34] [35] . A close examination of the literature search presented in the introduction reveals that NBS has not yet been used for the spectrophotometric determination of these drugs. The present work involves the bromination of the investigated drugs by NBS followed by determination of surplus NBS after allowing the bromination reaction to complete. The unreacted NBS is determined by reacting with a fixed amount of INC dye and measured at 607 nm, ( Figure 3 ) using FEL as a representative example.
Optimization of the Reaction Variables
Reagent Concentration. A preliminary experiments
were performed to determine the optimal concentration of NBS and INC dye. According to the above-mentioned reactions, NBS solution should be added in excess to react with the investigated drugs. By measuring the excess reagent, the consumed reagent would correspond to the amount of the drug. The highest concentration of each reagent, which gives the highest absorption value within the practical sensitivity range of absorption values (≈0.9), was found to be 0.02% and 0.07% w/v for NBS and INC, respectively.
Type and Concentration of the Acid.
Perchloric acid was found to be the desirable medium for bromination of the investigated drugs by NBS; additionally it contributed in drugs solubility and also increased NBS potential for INC oxidation.
Reaction Time and the Reaction Product Stability.
For a quantitative reaction between the investigated drugs and NBS, contact time of 20 min was found necessary in the proposed method, and constant absorbance readings were obtained when contact times were extended up to 45 min ( Figure 4 ). Another standing time for 10 min was necessary for the bleaching of the dye colour by the residual NBS. The measured colour was found to be stable for several hours in the presence of the reaction products. 
Reaction Stoichiometry and Suggested Mechanisms
Reaction Stoichiometry.
Job's method of continuous variation [36] was employed to establish the stoichiometry of the reaction; master equimolar solutions 1.5 × 10 −3 M for both NBS (≈0.02%, w/v, fixed system between NBS and INC) and the drugs were prepared. Series of 10.0 mL portions of the master solutions were made up involving different complimentary proportions (0.00 : 0.10, 0.10 : 0.90,. . ., 0.90 : 0.10, 0.10 : 0.00) using 10 mL volumetric flasks, mixed well, and then subjected to the recommended procedure.
The results which we obtained revealed that the ratio between NBS and NIF or AML was 1 : 4. The ratio between NBS and NIC or NIM or FEL was 1 : 2 ( Figure 5 ). some of the studied drugs and bromate/bromide mixture was reported previously in [3, 4] . In the proposed method NBS was used as a safe brominating reagent; on the other hand the proposed method was carried out using N-chlorosuccinamide (NCS) reagent (Aldrich Co., Ltd., Gillingham-Dorst, Germany), which has nearly the same oxidation potential as NBS. The results revealed that NCS incapable to react with the studied drugs through an oxidation reaction that indicate the reaction pathway is a bromination rather than oxidation.
Suggested Reaction Mechanism between the Studied Drugs and NBS. A suggested bromination reaction between
Suggested Reaction Mechanism between INC and NBS.
INC has a blue colour in aqueous solution showed max at 607 nm due to its highly conjugated structure ( Figure 2 ) and NBS in acid medium has an oxidation power sufficient to oxidize INC to give colourless N-oxide derivative, the suggested mechanism is given in Scheme 1.
Validation of Proposed
Methods. The developed method was fully validated according to USP XXVI [39] validation guidelines and International Conference on Harmonization (ICH) [40] guidelines.
Linearity Range, Detection, and Quantification Limits.
Under the specified optimum reaction conditions, the calibration curves for the investigated drugs were constructed by analyzing a series of different concentrations of the standard solutions. Linear relationships were found between the absorbance intensities and the concentrations of drugs, as indicated by the high correlation coefficients (r) which are obtained (0.998-0.999), in the concentration range of 1.25-13.00 g/mL. The limits of detection (LOD) and limits of quantitation (LOQ) were determined according to the IUPAC definitions [41] using the formula LOD or LOQ = SD / , where = 3 for LOD and 10 for LOQ, SD is the standard deviation of the intercept, and b is the slope. The regression equations for the results were derived using the least square method; the obtained results were summarized in Table 1 .
Precision.
The precision of the proposed method was determined by carrying out replicate analysis of five separate sample solutions at one concentration level. The relative standard deviations (RSD) did not exceed 2%, indicating the good repeatability of the proposed method, Table 2 .
The interday precision was assessed by analyzing the same sample, as triplicate, in five separate days.
Robustness and Ruggedness.
Robustness was examined by evaluating the influence of small variation in some experimental parameters on the method's suitability and specificity. Theoretical values for and at 95% confidence limit ( = 5) were 6.39 and 2.78, respectively. c Reported methods [37, 38] . * Tablets and capsules that contain two drugs.
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The changed parameters were the concentration of analytical reagents and the reaction time. In these experiments, one parameter was changed whereas the other was kept unchanged, and the recovery percentages were calculated each time. The obtained results revealed that none of these variables significantly affect the original data of the proposed method (Table 3) . Ruggedness for the proposed method was tested by applying the assay of the investigated drugs using the same experimental conditions with other different instrument at two different laboratories and different elapsed time. The results obtained were found to be reproducible, as RSD did not exceed 2% (Table 4 ).
Accuracy and Analysis of Tablets and Capsules.
Different pharmaceutical formulations including tablets and capsules were analysed for their contents of 1,4-DHP drugs by the proposed, official [42, 43] and reported methods [37, 38] ( Table 5 ). The results which are obtained from the proposed method were compared with those obtained from either official or reported methods with respect to the accuracy (test) and precision ( -test). No significant differences were found between the calculated and theoretical values of -and -tests at 95% confidence level proving similar accuracy and precision in the analysis of the investigated drugs in their dosage forms as in pure form.
Conclusion
In this work a validated method was described; all the analytical reagents used are safe, inexpensive, have good shelf life and available in the most analytical laboratories. Interferences from other co-formulated drugs and common excipients can be eliminated by a simple one-step extraction procedure.
